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A. P. Pereira,1,2 A. Mendes-Ferreira,1 L. M. Estevinho2* and A. Mendes-Faia1Mead is an alcoholic drink known since ancient times, produced by yeast fermenting diluted honey. However, the production
of mead has suffered in recent years, partially owing to the lack of scientiﬁc progress in this ﬁeld. In this study, two strains of
Saccharomyces cerevisiae, QA23 and ICVD47, were immobilized in 2 or 4% (w/v) alginate beads to assess the most effective
alginate concentration for yeast immobilization to produce mead. Neither of the alginate concentrations was able to prevent
cell leakage from the beads. The fermentation length was 120h for both yeast strains. In all cases, at the end of the fermen-
tation, the number of cells entrapped in the beads was higher than the number of free cells, and the total 4% alginate bead
wet weight was signiﬁcantly higher than the 2% alginate bead wet weight. In addition, the evaluation of mead quality
showed that the yeast strain had signiﬁcantly more inﬂuence on the physicochemical characteristics than the alginate con-
centration. Although the yeasts immobilized in the two alginate concentrations were able to perform the fermentation, fur-
ther research is needed in order to understand the evolution of the yeast population inside the beads throughout the
fermentative process. Copyright © 2014 The Institute of Brewing & Distilling
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57Introduction
Mead has been produced since ancient times, mainly in an em-
pirical and artisanal manner. This drink has been reported to
contain many of the elements required by humans and to have
excellent effects on digestion and metabolism. It has also been
considered to be beneﬁcial for people who suffer from chronic
anaemia and diseases of the gastrointestinal tract (1). Mead,
which results from the fermentation of diluted honey, can have
an alcoholic content that ranges from 8 to 18% (v/v). This is ac-
complished by varying the proportions of honey and water and
the point at which the fermentation is stopped (2). The fermen-
tative process and maturation require an extended period in
which several problems may occur. For instance, the anticipated
alcohol content may not be achieved, a successive addition of
honey may be needed to avoid the premature end of fermenta-
tion, and there is a high likelihood of stuck fermentations (2).
This is related to the speciﬁc properties of the honey solution,
mainly the high sugar concentration, high acidity, low protein
content, low indigenous microbiota and the shortage of sub-
stances essential for yeast development (3).
Indeed, this complex fermentative process depends on sev-
eral factors, such as the type of honey, yeast strain, honey-must
composition and pH (4). In the past few years, several studies on
the optimization of mead production have been carried out,
mainly regarding yeast selection and honey-must formulation
(3,5–7). However, it is worth noting that immobilized cells were
used in just two of the studies involving mead production (4,8).
The application of immobilized yeast cells for the production
of alcoholic beverages has been extensively studied in the past
few years. Cell immobilization has some advantages over free
cells, such as high cell loads, high volumetric productivities, in-
creased substrate uptake, protection from inhibitory substancesJ. Inst. Brew. 2014; 120: 575–580 Copyright © 2014 The Instituand reuse of the same biocatalyst for extended periods of time
(9–13). One of the most common methods of immobilization is
the entrapment of cells in hydrogels, which involves entrapping
living cells within a rigid network, which permits the diffusion of
substrates and products, thereby making possible cell growth
and the maintenance of active cells (14). Calcium alginate gels
have been the most widely used matrices for cell entrapment
owing to their simplicity (15). Alginate is a natural co-polymer
that is gelled when it comes into contact with bivalent cations
such as Ca2+, forming beads (16). Despite its numerous advan-
tages, some problems can occur in an alcoholic fermentation
using yeast cells entrapped in Ca-alginate beads, the most com-
mon being cell leakage. This phenomenon results in destabiliza-
tion and rupture of beads, mainly owing to cell growth, and gas
formation and accumulation within the beads, as well as the
presence of chelators in the medium (16). The aim of the present
study was to investigate the capacity of two sodium alginate
concentrations, 2 and 4%, to immobilize Saccharomyces
cerevisiae yeast strains QA23 and ICV D47, in the context of mead
production. The cells were entrapped in the gels by a drop-te of Brewing & Distilling
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576forming procedure and with the goal of evaluating the most
effective cell concentration.
Material and methods
Yeast strains
Active wine dry yeasts, S. cerevisiae Lalvin QA23 and Lalvin ICV
D47 (Lallemand, Montreal, Canada), were used in this study.Honey
A dark honey was purchased from a local beekeeper in the
northwest of Portugal. A palynological analysis of the honey
was performed according to the acetolytic method (17) and it
was determined that this multiﬂoral honey was derived primarily
from the pollen of Castanea spp. (45%) and Erica spp. (32%). The
characteristics and satisfactory quality of the honey were in
agreement with the requirements established by Portuguese
legislation (Decreto-Lei no. 214/2003, 18 September).Preparation of honey-must for fermentation
The honey-must for fermentation was prepared as described by
Pereira et al. (7). Honey was diluted (to 37% w/v) using natural
spring-water to obtain, at the end of fermentation, an alcoholic
beverage of approximately 11% ethanol, with the solution
mixed to homogeneity. Insoluble materials were removed from
the mixture by centrifugation (2682 g for 30min; Eppendorf
5810 R centrifuge) to obtain a clariﬁed honey-must. Titratable
acidity was adjusted with 5 g/L of potassium tartrate (Sigma-Al-
drich, St Louis, MO, USA) and pH was adjusted to 3.7 with malic
acid (Merck, Darmstadt, Germany). The nitrogen content was ad-
justed to 267mg/L with diammonium phosphate (DAP, BDH
Prolabo, Leuven, Belgium). The parameters °Brix, pH, titatrable
acidity and assimilable nitrogen concentration were determined,
prior to and after the adjustments. The honey-must was pasteur-
ized at 65 °C for 10min and then immediately cooled. No sul-
phur dioxide was added to the honey-musts.Immobilization of yeast cells
The dry yeast was hydrated by dissolving 2 g of active dry yeast
in 20mL of sterilized water at 38 °C, according to the manufac-
turer’s instructions, to obtain 108 colony forming units (CFU)/
mL. Sodium alginate (BDH Prolabo, Leuven, Belgium) was dis-
solved in distilled water at concentrations of 2 and 4% (w/v).
The calcium chloride (Panreac, Barcelona, Spain) solution was
prepared with distilled water at a concentration of 180mM. So-
dium alginate and calcium chloride solutions were autoclaved
at 121 °C for 15min, and then were cooled. To inoculate the
honey-must with 106 CFU/mL, the appropriate amount of yeast
suspension was added to 10mL of a sodium alginate solution.
The polymer–cell mixture was added dropwise to the CaCl2 solu-
tion and left to harden in this solution for 30min at 4 °C. The S.
cerevisiae immobilized beads were rinsed three times with sterile
distilled water, and then transferred into the honey-must.Fermentation conditions and monitoring
The immobilized beads were transferred into the honey-must for
batch fermentation. All fermentations were carried out using aCopyright © 2014 The Instituwileyonlinelibrary.com/journal/jibpreviously described system (6), which consisted of 250mL
ﬂasks ﬁlled to two-thirds of their volume and ﬁtted with a side-
arm port sealed with a rubber septum for anaerobic sampling.
The ﬂasks were maintained during alcoholic fermentation at
25 °C under continuous, but moderate shaking (120 rpm), mim-
icking an industrial environment. Aseptic sampling for monitor-
ing the fermentation was performed using a syringe-type
system as previously described (18). Fermentations were moni-
tored daily by weight loss as an estimate of CO2 production.
For determining the growth parameters of suspended cells in
the medium, samples were collected and appropriately diluted
for the measurement of their optical density at 640 nm in a
UV–VIS spectrometer (Unicam Helios) and for counting CFU in
solid Yeast Peptone Dextrose agar (YPD – 20 g/L glucose,
10 g/L peptone, 5 g/L yeast extract and 20 g/L agar) plates after
incubation at 25 °C for 48 h. Determination of reducing sugars
was performed using the 3,5-dinitrosalicylic acid method with
glucose as the standard. At the end of the alcoholic fermenta-
tion, samples were taken from the fermented media for several
analytical determinations.Analyses performed at the end of fermentation
At the end of fermentation, the culture dry weight of the
suspended cells in the medium was determined using triplicate
samples of 14mL centrifuged in pre-weighed tubes at 3890.1g
for 10min, washed twice with sterile deionized water, dried for
24 h at 100 °C and stored in a desiccator before weighing. For
determination of dry weight, determination of the concentration
of viable cells immobilized in the beads and the immobilization
yield at the end of fermentation, the beads were liqueﬁed using
a chemical method, according to a procedure adapted from
Göksungur and Zorlu (19). Fifty beads were washed with water,
dissolved in 50mL of a sterilized sodium citrate solution
(50mM), with continuous stirring for 30min at room tempera-
ture. The dry weight of the immobilized cells was determined
by the same procedure as described previously for suspended
cells in a medium. For assessing the growth of immobilized cells,
after appropriate dilutions of liqueﬁed beads, these were
counted as the number of CFU in solid YPD plates, after incuba-
tion at 25 °C for 48 h. The immobilization yield was calculated as
the immobilized dry weight of yeasts/immobilized and free dry
weight of yeasts × 100 (15).
The oenological parameters, such as total sulphur dioxide (SO2),
pH, titratable acidity, volatile acidity and ethanol content, were
determined according to standard methods (20). Yeast assimilable
nitrogen (YAN) was determined by the formaldehyde method as
previously described (21). After clariﬁcation, 10mL of the sample
was transferred into a 50mL beaker and diluted with 15mL of
water. The pH was adjusted to 8.1 with 100mM NaOH and
2.5mL of formaldehyde at pH8.1 was added. After 5min, the
pH was adjusted again to 8.1 by titration with 50mM NaOH.
Assimilable nitrogen was calculated using the following formula:
YAN mg=Lð Þ ¼ vol: NaOHð Þ conc: NaOHð Þ141000½ = sample volumeð Þ
Statistical analysis
All of the fermentation experiments were performed in dupli-
cate and the results are expressed as mean values and standard
deviation. The data were analysed using SPSS Software, version
17.0 (SPSS Inc.). To test signiﬁcant differences amongst theJ. Inst. Brew. 2014; 120: 575–580te of Brewing & Distilling
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tics, a two-factor – alginate concentration (A) and strain (S) –
analysis of variance (ANOVA) was applied. In order to compare
the means between two unrelated groups (2 and 4% alginate)
for each strain, an independent-samples t-test was performed.
The fulﬁlment of the ANOVA requirements, namely the normal
distribution of the residuals and the homogeneity of variance,
was evaluated by means of the Shapiro–Wilks test (n< 50) and
Levene’s test, respectively. All statistical tests were performed
at a 5% signiﬁcance level.
Results and discussion
In this work the immobilization of S. cerevisiae yeast strains QA23
and ICV D47, using two alginate concentrations (2 and 4%), with
a population corresponding to approximately 106 CFU/mL, was
studied. The effectiveness of the immobilization was determined
by counting the yeast cells released from the beads into the me-
dium and by analysing the reducing sugar consumption proﬁle
(Fig. 1). Minor differences were detected in the number of CFU
in the medium and in reducing sugars of the fermentations car-
ried out with the cells immobilized in 2 or 4% Ca-alginate, using
both strains. The strain ICV D47 immobilized in 4% of Ca-alginate
showed a slightly higher sugar consumption until 72 h of fer-
mentation. Nevertheless, all fermentations ended after 120 h
with similar concentrations of residual sugars, ranging from
15.13 ± 0.49 to 19.89 ± 2.57 g/L, in meads fermented by the
strains ICV D47 and QA23, respectively, and entrapped in 2% al-
ginate beads. Similar concentrations of residual sugars and times
of fermentation were obtained for mead production using free
yeast cells (6,7). These residual sugars include disaccharides such
as sucrose, maltose, isomaltose, trisaccharides and
tetrasaccharides (7). The growth proﬁle shows that, at the begin-
ning of fermentation, the number of free cells in the medium1.E+00
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Figure 1. Growth of the free cells in medium and reduced sugar consumption by Saccha
J. Inst. Brew. 2014; 120: 575–580 Copyright © 2014 The Instituwas higher when yeast cells were entrapped in 2% than in 4%
alginate. This difference was seen more clearly for strain QA23.
For this strain, at the end of fermentation, the number of free
cells in medium was 6.8 × 106 and 4.8 × 106 CFU/mL when
immobilized in 2 and 4% Ca-alginate, respectively. For the strain
ICV D47, minor differences were observed at the end of fermen-
tation in the number of free cells in the medium for both algi-
nate concentrations (1.3 × 107 CFU/mL). The strain, ICV D47,
presented a higher number of free cells in medium. However
for both strains, independent of the alginate concentration used,
the number of cells in medium had increased to 106–107 CFU/
mL in the ﬁrst 48 h and then remained constant until the end
of the fermentation. The evolution of CO2, particularly in the ﬁrst
48 h of fermentation, may cause an internal mechanical loading
of the beads, leading to the disintegration of the majority of
beads (19). The increase in the cell population in the medium
was exponential, resulting from the combined effects of cell
leakage from the beads and the proliferation of free cells in
the medium. Other authors have obtained similar results 30 h
after cultivation, when a different entrapment agent (LentiKat®
carrier) was applied (12).
Yeast cell growth was conﬁrmed by cellular dry weight values
and it was veriﬁed that the dry weight of cells in the beads was
higher than that of the free cells in medium, irrespective of the
concentration of Ca-alginate and the yeast strain used (Fig. 2).
This observation corroborates previous results obtained with S.
cerevisiae encapsulated in polyvinyl alcohol particles for a beer
fermentation (12), in which a higher ﬁnal cell concentration in
the LentiKats® carrier than in suspended cells (4 × 108 vs 3 × 107
cells/mL of carrier) was observed.
At the end of the fermentation, several growth parameters
were determined after dissolution of the beads in a sodium cit-
rate solution and these are presented in Table 1. The total wet
weight of the 4% Ca-alginate beads was signiﬁcantly higher0
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Figure 2. Cell dry weight of S. cerevisiae QA23 and ICV D47, at the end of fermentation, suspended in the medium (□) and inside the beads (■).
Table 1. Total beads wet weight, colony forming units (CFU) and immobilization yield of Saccharomyces cerevisiae QA23 and ICV
D47 immobilized cells in 2 or 4% alginate
Meads Strain QA23 Strain ICV D47 Signiﬁcance
2% Alginate 4% Alginate 2% Alginate 4% Alginate Alginate (A) Strain (S) A × S
Total bead wet weight (g) 8.36 ± 0.25* 10.15 ± 0.09* 7.65 ± 0.33* 11.10 ± 0.52* <0.001 n.s. 0.025
CFU/mL of alginate 1.40 ± 0.61 × 108 9.89 ± 1.64 × 107 1.82 ± 0.43 × 108 1.88 ± 0.07 × 108 n.s. n.s. n.s.
Immobilization yield (%) 58.73 ± 6.15 59.82 ± 3.79 56.43 ± 4.12 63.24 ± 1.45 n.s. n.s. n.s.
* Signiﬁcant difference between the alginate concentrations for each strain (p< 0.05); lack of superscript indicates no signiﬁcant
difference. n.s., No signiﬁcant difference at p< 0.05.
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578when compared with the 2% Ca-alginate beads (p= 0.011 for
QA23 and p=0.015 for ICV D47). Signiﬁcant differences were
found in the total bead wet weight between the alginate con-
centrations (p< 0.001). No signiﬁcant differences were detected
in the number of CFU/mL between the strains or the alginate
concentrations, with the lower value of 9.89 ± 1.64 × 107 for
mead produced using 2% alginate QA23 beads and the higher
value of 1.88 ± 0.07 × 108, corresponding to the mead produced
using 4% alginate ICV D47 beads. Regarding the immobilization
yield, although the values obtained with 4% alginate wereTable 2. Physicochemical characteristics of honey-must and mea
cells in 2 or 4% alginate
Honey-must
pH 3.71 ± 0.00
°Brix (%) 23.20 ± 0.14
Titratable aciditytartaric acid (g/L) 3.43 ± 0.03
Initial nitrogenYAN (mg/L) 353.50 ± 4.95
Strain QA23
Meads 2% Alginate 4% Alginate 2
pH 3.66 ± 0.02 3.67 ± 0.03
Volatile acidityacetic acid (g/L) 0.63 ± 0.00 0.65 ± 0.02
Titratable aciditytartaric acid (g/L) 5.18 ± 0.00 5.14 ± 0.16
Final nitrogenYAN (mg/L) 52.50 ± 4.95 42.00 ± 9.90 4
Total SO2 (mg/L) 23.68 ± 0.91 23.68 ± 0.91 2
Ethanol (% vol) 10.54 ± 0.94 11.20 ± 0.57 1
Lack of superscript indicates no signiﬁcant difference between the
niﬁcant difference at p< 0.05.
Copyright © 2014 The Instituwileyonlinelibrary.com/journal/jibhigher for both strains, the differences between the two concen-
trations of alginate were not signiﬁcant.
The quality of the meads produced using strains QA23 and
ICV D47 immobilized with 2 or 4% Ca-alginate was assessed in
terms of the physicochemical characteristics (pH, volatile acidity,
titratable acidity, ﬁnal nitrogen, total SO2 and ethanol), and is
presented in Table 2. The pH has been noted in the past as
one of the causes of sluggish or premature fermentation arrest
in alcoholic beverages (6), which is why this parameter was de-
termined in all of the experiments. As expected from previousds fermented by S. cerevisiae QA23 and ICV D47 immobilized
Strain ICV D47 Signiﬁcance
% Alginate 4% Alginate Alginate (A) Strain (S) A × S
3.62 ± 0.01 3.63 ± 0.01 n.s. 0.031 n.s.
0.51 ± 0.04 0.54 ± 0.04 n.s. 0.007 n.s.
4.99 ± 0.21 5.10 ± 0.05 n.s. n.s. n.s.
3.75 ± 2.47 45.50 ± 4.95 n.s. n.s. n.s.
1.12 ± 0.91 21.12 ± 0.91 n.s. 0.016 n.s.
1.50 ± 0.14 11.40 ± 0.14 n.s. n.s. n.s.
alginate concentrations for each strain (p< 0.05). n.s., No sig-
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57work on mead production (3,6,7), the pH of the meads was lower
than that of honey-musts (3.71 ± 0.00) for both strains and algi-
nate concentrations. The reduction of pH during mead fermen-
tation is probably caused by the production of acids by yeasts
(3) and the low buffer capacity of honey-musts (6). However,
meads fermented by strain QA23 presented a signiﬁcantly
higher pH than those from strain ICV D47 (p= 0.031). Control
of volatile acidity is a critical issue for the industrial manufacture
of fermented beverages. Indeed, the production of acetic acid,
by far the most abundant volatile acid, can have a dramatic ef-
fect on the quality of the ﬁnal product. In addition to undesirable
aromas, high levels of acetic acid are toxic to yeast and can lead
to stuck alcoholic fermentations (22). The volatile acidity ranged
from 0.51 ± 0.04 to 0.65 ± 0.02 g/L of acetic acid and was within
the values reported for wine (23) and the results obtained previ-
ously for mead produced without an immobilization system
(3,5–7). For this parameter and for total SO2, which varied be-
tween 21.12 ± 0.91 and 23.68 ± 0.91mg/L, no differences were
detected between meads obtained with either of the alginate
concentrations. However, signiﬁcant differences were observed
between the strains (p=0.007 for volatile acidity and p=0.016
for total SO2), with the lowest concentrations found in meads
produced with strain ICV D47. Similar concentrations of titratable
acidity, around 5 g/L of tartaric acid, were found in all meads ir-
respective of the strain or alginate concentration. Higher titrat-
able acidity was found in meads, when compared with the
honey-must, indicating the production of acids by the yeast. Dif-
ferent results were obtained during the fermentation of a fruit
wine from cagaita, where a reduction of titratable acidity from
0.5% in must to 0.3% in wine was observed (24). The ethanol
content ranged from 10.54 to 11.50% (v/v) with no remarkable
differences in meads fermented with immobilized cells in 2 or
4% Ca-alginate. Different results are reported in the literature.
Najafpour et al. (25) found that immobilization in 2% alginate
was more suitable for ethanol production, based on the activity
of the beads. Similar amounts of ethanol have already been re-
ported in fermentations of mead with the same initial °Brix and
produced with free cells (6,7). A concentration of residual nitro-
gen remained in all meads independent of the yeast strain and
concentration of alginate used for immobilization. As reported
previously, some of the residual nitrogen could correspond to
the concentration of the amino acid proline, present in honey,
which is not assimilated by yeast during the fermentation (7).
In summary, at the end of the fermentation the number of cells
entrapped in beads was higher than the number of free cells in
the medium. Independent of the strain, the number of cells in
the medium was similar for both concentrations of alginate. Con-
sidering the quality of the meads, the results showed that the
yeast strain had more inﬂuence than the concentration of
alginate used for yeast entrapment. Indeed, the parameters of
pH, volatile acidity and total SO2 were signiﬁcantly different
between the two yeast strains.
Although the alginate concentrations tested did not prevent
the phenomenon of cell leakage, the entrapment agent did
not cause negative effects on mead production, since no re-
markable differences were observed in fermentation perfor-
mance and mead quality compared with mead produced
previously with free cells. Fermentation length was 120 h and
the characteristics of the ﬁnal product were not inﬂuenced by
the alginate concentration. Since no differences were found be-
tween the two alginate concentrations, for economic reasons
using 2% of alginate for immobilization of yeasts for meadJ. Inst. Brew. 2014; 120: 575–580 Copyright © 2014 The Instituwould be more advantageous. The current study also suggests
that, considering the low volatile acidity produced by strain ICV
D47, it appears be the more suitable yeast for immobilization.Acknowledgements
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